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ABSTRACT

The U.S. Army Alaska seeks to conserve and protect natural resources on lands used for combat train-
ing exercises. Some of these exercises require live fire of ordnance containing high explosives. One
aspect of managing the ranges so as to mitigate the environmental consequences of training is to identify
the location, extent, and potential migration of munitions residues in soils, surface waters, and groundwa-
ter. This report summarizes analytical results for soil samples collected from firing points and some
impact areas at the Donnelly Training Area near Delta Junction, Alaska. Explosives residues are for the
most part undetectable or at very low concentrations (parts per billion) in the soils of impact areas. The
exceptions are soils near or under partial ordnance detonations, targets, and rocket motor debris. We
found high concentrations (parts per thousand) of TNT in soils next to partially detonated 500-1b and
2000-1b bombs; moderate concentrations (parts per million) of RDX and TNT around targets; and moder-
ate concentrations (parts per million) of NG under rocket motor debris. At firing points used for 105-mm
howitzers, 2,4-DNT is detectable in surface soils at parts-per-million concentrations. This analyte is asso-
ciated with burned and unburned fibers of propellant that are sprayed to distances of at least 100 m from
the muzzle. The highest concentrations of 2,4-DNT were in soils where excess propellant is burned for
disposal. Because of the very low soil clean-up levels listed by the State of Alaska for this compound,
appropriate and reproducible laboratory and field sampling procedures need to be developed to monitor
this analyte.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.
DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT RETURN TO THE ORIGINATOR.
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1 INTRODUCTION

The withdrawal of training lands from the public domain on Fort Wainwright
and Donnelly Training Area (formerly Fort Greely) in Interior Alaska was
renewed under the Military Lands Withdrawal Act (PL106-65). As part of the
Environmental Impact Statement prepared for the renewal, the Army pledged to
assess the amount of residues from explosive munitions at the currently used
testing and training impact ranges in Donnelly Training Area and Fort Wain-
wright and the potential for surface water and groundwater contamination (U.S.
Amy Alaska 1999). The training lands of Fort Greely were renamed the Don-
pelly Training Area in 2001 when Fort Greely was realigned under the Base
Realignment and Closure (BRAC) process. The main post area of Fort Greely
was slated for closure, while the training lands were transferred administratively
to Fort Wainwright. Subsequently, the Fort Greely main post has been withdrawn
from BRAC and transferred to the Army Space and Missile Defense Command
to support the Ground-Based Mid-Course Intercept Missile Defense (GMD)
Program. Donnelly Training Area has 26,300 hectares (or 263 km?) of impact
areas where high-explosive ammunition is used, including the Washington and
Mississippi Impact Areas located within the floodplain of the Delta River, the
Delta Creek Impact Area located within the floodplain of Delta Creek, and the
Oklahoma Impact Area located just east of Delta Creek.

Assessing the levels of explosives residues by sampling the soil and water is
a challenge because of the large size and varied terrain of these impact areas, the
safety hazards associated with unexploded ordnance, and on-going live-fire
training. Of most interest is the potential for contamination of surface water and
groundwater that would provide a route for migration of the explosives residues
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across military installation boundaries. We used an authoritative sampling
strategy (sample locations were selected based on prior knowledge) to identify
explosives source areas within the impact areas. In our opinion, authoritative
sampling is a more efficient approach to the overall goal of protecting water
sources than random sampling, which is used when there is little or no
information about the potential distribution of the analytes of interest.

During July 2000, we undertook the initial sampling program on Washington
Impact Area and Lampkin Range (Walsh et al. 2001), where we selected, based
on guidance from the Cold Regions Test Center, specific locations within the
impact area where known ordnance items had detonated. We collected discrete
and multi-increment samples to determine if we could find any explosives resi-
dues in the surface soils. We detected explosives residues in 48% of the samples
we collected, most frequently RDX and TNT. Concentrations were low (the
median concentrations for RDX and TNT were 21 and 5 pg/kg, respectively)
~ except where ordnance items failed to detonate completely and solid chunks of
explosives were on the surface soil. We also detected propellant residues (2,4-
DNT and NG) at the Lampkin Range firing point.
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2 OBJECTIVES

In 2001, the objective of the sampling was to determine if we could detect
any explosives residues and source areas that could contribute to groundwater
contamination in the Donnelly Training Area. The impact areas that we sampled
were Delta Creek, Georgia Island, and Washington Range West. We also sam-
pled several firing points to determine concentrations of propellant residues.
Based on the analytical results for the 2001 firing point samples, which showed
that we needed to expand our sampled collection to distances greater than 50 m
from the 105-mm gun firing platforms, we collected additional firing point
samples in 2002. Our objective was to characterize the distribution of propellant
residues around a firing position and to monitor the persistence of the residues
after 30 days of weathering. An additional objective was to obtain more depth
samples to determine the potential for downward migration of the residues.
Because persistence and migration are influenced by the soil matrix, we chose
two firing positions for intensive sampling, one that was vegetated and one that
was sparsely vegetated.
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3 PHYSICAL SETTING

The Donnelly Training Area (Fig. 1) consists of 2,554 km” located in the
northem foothills of the Alaska Range and the Tanana-Kuskokwim Lowlands.
Several glacial outwash rivers, including the Delta River, Delta Creek, and the Little
Delta River, flow northward from the Alaska Range across the training area to the
Tanana River (U.S. Amy Alaska 2003). Several large impact areas, totaling 263
km?, are located within the training area, including the Washington and Mississippi
Impact Areas along the Delta River, Oklahoma Impact Range east of Delta Creek,
and Delta Creek Impact Area along Delta Creek. The Army uses Washington and
Mississippi Impact Areas mainly for indirect-fire weapons (the target cannot by seen
by the gunner), while Delta Creek (Table 1) and Oklahoma Impact Areas are used
primarily for aerial bombing by the Air Force (U.S. Ammy Alaska 2002).

\ Richardson
%, Highway

Delta
Junction

@ Mississippi Impact Area
® Washington Impact Area
® Oklahoma Impact Area

°C 2 4 6 .8 10 12km @ Delta Creek impact Area

a. Donnelly Training Area, showing the impact areas sampled. The dashed lines
indicate the area shown in Figure 1b.

Figure 1. Installation maps and orthophotos.
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¥ <
543128 548128 553128 558128

b. Orthophoto (AeroMap U.S. 2003), taken August 2002, showing the
Delta River, the locations of firing points, Washington Range, Lamp-
kin Range, and Georgia Island.

Figure 1 (cont.).
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Table 1. Ordnance used by the Army at the impact areas and firing points that we
sampled (based on 1998 to 1999 ammo reports).

Target analyte potentially in residue

Ordnance (DODIC) Explosive Propellant Location used and sampled
5.56-mm cartridges (A0S9, A064, NG FP: Simpsonville, Lampkin
A066, AQ7S5) PETN in pellet booster IA: Delta Creek
7.62-mm cartridges (A107, A127) NG FP: Simpsonville, Lampkin
lA: Delta Creek
.50 caliber cartridges (A520, A555) NG, 2,4-DNT, PETN FP: Simpsonville, Lampkin
lA: Delta Creek
30-mm cartridges (B103) FP: Lampkin
40-mm cartridge (B470) RDX NG FP: Simpsonville, Lampkin
. IA: Delta Creek
40-mm cartridge [B519(TP) BS576 NG Simpsonville, Delta Creek, Lampkin
(TP) B535 (ILL), M918 (TP)]
105-mm cartridges (C445) TNT/RDX 2,4DNT FP: Mark, Sally, Audrey, Bo-Whale,

Lampkin, Simpsonville
|A: Delta Creek

105-mm cartridges [C508 (HEAT)]

TNT/RDX NG

FP: Mark

105-mm cartridges (C511) NG FP: Audrey, Bo-Whale, Mark
105-mm cartridges (C520) 2,4-DNT FP: Mark, Bo-Whale
105-mm cartridges [C449 (ILL)] 2,4-DNT FP: Mark, Sally, Audrey, Bo-Whale

IA: Delta Creek

60-mm (B642) - TNT/RDX NG FP: Lampkin, OP7, Simpsonville
: IA: Delta Creek
60-mm [B640 (ILL)] FP: Lampkin, OP7, Simpsonville

IA: Delta Creek

81-mm [C226 (ILL)] NG FP: Lampkin, OP7, Simpsonville
81-mm (C256) TNT/RDX NG FP: Simpsonville
M67 (G881) TNT/RDX FP: Lampkin
2.75-inch rocket [H180 (ILL)] NG FP: Simpsonville
. IA: Delta Creek
Claymore mine (K143) RDX FP: Lampkin, Simpsonville
IA: Delta Creek
84mm AT4 (C995) M1367 FP: Lampkin, Simpsonville
IA: Delta Creek
155-mm HC and ILL (D445, DS05) FP: Mark, Sally, Bo-Whale
C4 (M023) ‘ RDX Lampkin, Simpsonville
Bangalore torpedo (M028) RDX/TNT Lampkin, Simpsonville, Delta Creek
Detonation cord (MD15) PETN Simpsonville
TOW (PB25) HMX FP: Simpsonville
IA: Delta Creek
Dragon (PL23) FP: Simpsonville, Lampkin

|A: Delta Creek

TP: Target practice rounds that do not contain high-explosive filler.

ILL: ilumination round.

IA: Impact Area. The Mississippi and Oklahoma Impact Areas were extensively used but were not sampled due to UXO

hazards.
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The Delta River is a large, glacially fed, braided river that starts out as a
clear-water stream draining the Tangle Lakes on the south side of the Alaska
Range. It cuts across the crest of the Alaska Range, receiving meltwater from a
number of glaciers, including the Canwell, Castner, and Black Rapids Glaciers.
In the vicinity of Donnelly Training Area, the river cuts through the Donnelly
Moraine, a late-Pleistocene moraine marking the last major glacial advance down
the Delta River valley (Péwé and Holmes 1964, Péwé 1975). The incised
moraine forms large bluffs on either side of the river valley. The river through
this area is braided and has a broad, gravel floodplain. In the vicinity of the
Washington and Mississippi Impact Areas, there are large abandoned floodplain
terraces, several meters above the present active floodplain. These terraces repre-
sent episodes of greater sedimentation in the past, probably associated with
surges of the Black Rapids Glacier over the last several hundred years. Much of
the terrace of the Washington Range is bare gravel, with localized areas of sparse
shrubs mostly consisting of silverberry (Eleagnus commutata). Jorgenson et al.
(2001) mapped the vegetation on Fort Greely and classified these areas as river-
ine gravelly barrens and riverine gravelly low scrub and dry dwarf scrub.

Delta Creek is also a glacially fed braided river that flows from the Alaska
Range north, joining the Tanana River. It receives meltwater from the Trident
and Hayes Glacier, as well as snowmelt from the Alaska Range. Like the Delta
River, it has extensive sections of abandoned floodplain terraces several meters
higher than the current active braided floodplain. One-Hundred-Mile Creek is a
small, single-channel, clear-water stream originating in the foothills of the Alaska
Range and flowing northward and then westward, joining Delta Creek. The Delta
Creek Impact Area (Fig. 2), a 20-km” impact area, is located along 9 km of Delta
Creck. Target arrays are located along abandoned floodplain terraces on the west
side of the active creek. The western boundary of Oklahoma Impact Area, a 250-
km? impact area, is located along 16 km of Delta Creek, north of Delta Creek
Impact Range. The eastern and northern boundary of Oklahoma Impact Area
runs along One-Hundred-Mile Creek. Simpsonville (Fig. 3) is a Military
Operations in Urban Terrain/Combined Arms Live Fire Exercise (MOUT/
CALFEX) site located on top of a bluff on the west bank of Delta Creek. The
gently sloping area is mostly open, covered with tussock tundra vegetation.

The western side of Washington Impact Area is along the west bank of the
Delta River. Here a narrow floodplain runs along the steep bluffs of the moraine
to the west. The narrow floodplain is vegetated with lowland gravely dry mixed
forest (Jorgenson et al. 2001) and shows little evidence of artillery use, such as
cratering or range scrap, probably because of its location at the edge of the
impact area. Georgia Island (Fig. 4) is a 4-km-long island within the active
floodplain of the Delta River. It is sparsely to heavily vegetated [classified as
riverine gravelly barrens to lowland gravely dry mixed forest by Jorgenson et al.
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Figure 2. Aerial and near-ground views of a target array Iocated 2km
downstream of Delta Creek Impact Area.
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Figure 3. Aerial view of Simpsonville MOUT/CALFEX, located on a
bluff overlooking the Delta Creek Impact Area.

Figure 4. Aerial view of Georgia Island, showing the old target berm.
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(2001)]. It is located immediately downstream of Mississippi Impact Area, a
heavily used indirect fire range where we are not allowed to sample because of
extreme UXO (unexploded ordnance) hazards. Georgia Island has been used to a
lesser degree as an artillery impact area. It has also been used as a target area for
direct-fire weapons from various ranges on the east side of the Delta River.

Firing Points Audrey, Bo-Whale, Big Lake, Mark, and Sally are located in
the Donnelly East Training Area on the east side of the Delta River (Fig. 1b). The
firing points are located on either side of Meadows Road, which runs south along
the broad crest of the glacial lateral moraine forming the high bluffs on the east
side of the river. The firing points are used for indirect fire into the Mississippi
and Washington Impact Areas to the west. FP Big Lake, Bo-Whale, and Sally
(Fig. 5a) are open vegetated areas with a ground cover of grasses, sedges, low
forbs, and some low shrubs. Soils are fine-grained silt loam overlying coarser,
poorly sorted gravel. The soils at FP Bo-Whale are wetter and have more organic
material than those of the other firing points. FP Mark (Fig. 5b) and Audrey are
mostly unvegetated open area with sporadic ground cover of mosses and grasses.
Soils here are poorly sorted silty, sandy gravel. The Lampkin Range firing point
(Fig. 6) is located on an elevated, broad, flat-topped gravel berm or platform built
on the vegetated floodplain along the east bank of the Delta River. The berm
where we sampled was constructed of silty, sandy gravel.

a. FP Sally (vegetated site), July 2002.

Figure 5. Firing points used for indirect fire into Mississippi and
Washington Impact Areas.

/
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b. FP Mark (sparsely vegetated site), July 2002.
Figure 5§ (cont.).

Figure 6. Ground view from Lampkin Range Firing Point, which is
used for direct fire at targets within the floodplain of the Delta River.
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4 METHODS

Field Sample Collection

Delta Creek, 2001

* In June 2001, we collected samples downstream of the boundaries of the
Delta Creek Impact Area. We were not allowed to sample the actual Delta Creek
Impact Area because of the hazards associated with unexploded submunitions.
However, a series of targets and associated craters and range scrap (Fig. 2) were
located 2 km downstream, where we collected both discrete and composite
samples. The discrete samples were soil near what appeared to be partial detona-
tions of 500-1b bombs. The composite samples consisted of fifty 40-g subsamples
collected around craters of various dimensions, around targets, and in undis-
turbed areas. At 5, 8, 11, 14, and 17 km downstream were suitable helicopter-
landing sites with fine-grain sediments, where we collected more samples. With
the exception of two discrete samples collected under pieces of rocket motors,
samples farther downstream were composites from 10- x 10-m areas on inactive
and abandoned bar surfaces along the edge of the creek.

We also collected seven samples at the MOUT/CALFEX site known as
Simpsonville located on a bluff overlooking Delta Creek (Fig. 3). Four of the
samples were from explosive ordnance disposal craters, and the other three were
from craters thought to be produced by 40-mm grenades.

Georgia Island, 2001

The sampling of Georgia Island, within the Delta River, was conducted by
sampling approximately every 200 m along the centerline of the island and every
50 m along the base of a former target berm (Fig. 4). At each sampling location, a
multi-increment sample was collected by taking approximately fifty 40-g random
discrete subsamples over a 10- x 10-m area as was done at Delta Creek. A total
of 44 composite samples were collected. Five discrete samples were collected
near ordnance items such as empty 40-mm grenade casings and range scrap.

West side of Washington Impact Area, 2001

The sampling of the west side of Washington Impact Area, along the west
bank of the Delta River, was to be conducted like the sampling of Georgia Island
at every 200 m along the narrow vegetated floodplain. However, heavy vegeta-
tion and lack of suitable helicopter landing spots limited where we could sample
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along the bank. At several locations we collected samples at 50- to 100-m inter-
vals, walking to several sites from a single landing site. At each sampling loca-
tion a sample was collected by taking approximately fifty 40-g random discrete
subsamples over a 10- x 10-m area as was done at Delta Creck and Georgia
Island. Twenty-four composite samples were collected.

Firing Points, 2001

Previous sampling at Fort Greely, Fort Lewis, Yakima Training Center, and
other training areas has shown that firing points are frequently contaminated with
propellant residues (Walsh et al. 2001). The most common residues detected have
been 2,4-DNT, which is an additive in single-base propellants, and NG, an
ingredient in double- and triple-base propellants (U.S. Army 1984).

Our objective in sampling the firing points at Donnelly Training Area was to
determine the average concentrations of propellant residues in the surface soil.
Depending on the locations of the firing points, these residues could contaminate
groundwater or be ingested by grazing animals. However, the samples we collect
can be used to compute mean concentrations only if the concentration estimates
for replicate samples agree within reasonable limits. Previous sampling efforts on
firing ranges have indicated that concentration estimates in replicate samples can
vary by more than a factor of ten. Recently, the problem of laboratory subsam-
pling of unvegetated explosives-contaminated soil was solved by grinding soils
using a ring mill, a practice routinely used in the mining industry but not in
environmental laboratories. However, the problem of reproducible field sample
collection has yet to be resolved.

During the week of July 31 to August 5, 2001, we sampled Donnelly East
Training Area firing points that had been used during the second week of June
2001 by the 4/11 Field Artillery. About 100 rounds had been fired from M119A
105-mm howitzers at each of firing points Audrey, Sally, Big Lake, Bo-Whale,
and Mark (Fig. 1). Major S. Houston accompanied us to various firing points,
and he located the firing positions of several 105-mm howitzers at firing points
Sally, Bo-Whale, and Big Lake. The firing positions were identified by the
characteristic depressions left on the ground by the firing platform and spade of
each howitzer (Fig. 7).

We collected surface samples in front of eight howitzer firing positions. First
we staked a line representing the axis of the cannon tube position and paraliel
lines 3 m on either side (Fig. 8). At 3.5, 7, 14, 21, and 28 m distance from the
center of each firing platform depression, we collected duplicate multi-increment
samples. Each sample consisted of 30 increments of the surface soil and associ-
ated vegetation collected within a 1- x 6-m area. At three howitzer firing posi-
tions we collected five additional samples 50 m from the firing platform
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a. M119A1 105-mm howitzers.

b. Depressions made by the firing platform and spade.

Figure 7. Locating howitzer firing positions in July 2001. The firing
platform is located between the wheels and the spade is to the rear
of the gun.

depfession. One of these samples was along the axis of the cannon tube, and the
other samples were £30° and +60° from the axis.

- Each sample was returned to our field laboratory and air-dried on an alumi-
num pie pan. While the sample was drying, 